Diffuse barrier discharges (BDs) are characterized by the periodicity of their discharge current and by the uniform coverage of the entire electrode surface by the plasma. Up to now the discharge development, their appearance and dynamics cannot be adequately explained by elementary processes. Different processes are discussed in the literature controversially, in particular the importance of volume and surface processes on the pre-ionization (Penning-ionization, secondary (γ -) processes, role of surface charges). Diffuse BDs in nitrogen with small admixtures of oxygen are investigated by plasma diagnostics (current/voltage-oscillography, optical emission spectroscopy) and numerical modelling. Special attention is paid to the transition to the usual filamentary mode, characterized by the presence of micro-discharges and caused by the admixture of oxygen in the range of 0-1200 ppm (parts-per-million). This transition starts at low values of O 2 (about 450 ppm) and is introduced by an oscillative multi-peak mode. At higher admixtures (about 1000 ppm) the micro-discharges are generated. According to the results of numerical modelling, secondary electron emission by N 2 (A 3 u ) metastable states plays a major role in discharge maintenance. Due to the much more effective quenching of these states by O 2 and NO than by N 2 the subsequent delivery of electrons will be decreased when the oxygen amount is increased.
Introduction
Diffuse barrier discharges (BDs), also referred to as atmospheric pressure glow discharges (APGDs), homogeneous BDs or glow dielectric barrier discharges (GDBDs), are known to be generated in the gases nitrogen, helium and neon [1] [2] [3] [4] . The difference to the common filamentary mode consisting of many short lived micro-discharges (or filaments) is in the periodicity of the discharge, which is the same as the applied voltage, and by the uniform coverage of the entire electrode surface by the plasma. Therefore diffuse BDs are interesting for plasma technology, in particular, for surface treatment. Diffuse BDs in nitrogen driven by sinusoidial voltages in the kHz-range have been investigated for a long time by plasma diagnostics and numerical modelling [3, [5] [6] [7] [8] [9] [10] . It has been shown that a 'Townsend-like' discharge is generated in nitrogen in contrast to a glow-like type in the noble gases helium and neon [2, 11] .
The term 'Townsend-like' refers to the low production of space charges. Thus the electric field is not distorted locally and the maximum radiation of excited species is observed in front of the anode [3] . Selected operation conditions are required to generate diffuse discharges instead of filamentary ones. Besides operation parameters, e.g. frequency and amplitude of the applied voltage or the type of dielectric, the carrier gas and its purity were found to be of great importance. For example, oxygen admixtures of some hundreds parts-per-million (ppm) lead to the generation of the micro-discharges [10] .
Massines and co-workers [3] showed that a Townsendbreakdown is responsible for the ignition of a diffuse BD in nitrogen. The decisive criterion for a Townsend-breakdown in BD in nitrogen is the presence of charge carriers at low electric field, i.e. a 'memory effect' producing primary electrons below the breakdown voltage. Without memory effects, the electron multiplication is dominated by the formation of electron avalanches by direct electron collisions. This leads to large local space charges and secondary avalanches propagating into the region of the primary ones (Streamer-breakdown). Thus micro-discharges are formed and the plasma is called filamentary.
In the literature, different processes for the production of seed primary electrons are discussed controversially. In particular, the importance of volume and surface processes on the pre-ionization and the role of surface charges are the subjects of discussion. Penning-ionization due to collision of nitrogen metastable states N 2 (A 3 u ) and N 2 (a 1 − u ) was the first process suggested in the literature [5] . The presence of nitrogen metastables in the discharge has been proven by spectroscopic measurements [3, 10] and their crucial role in the physics of stationary gas discharges has been investigated, for example, in [12] . Furthermore, the much more effective quenching of the metastable states by oxygen molecules than by nitrogen would explain the experimentally investigated transition from the diffuse to the filamentary BD by the admixture of O 2 [10] . Nevertheless due to quenching of N 2 (a − u ) molecules by nitrogen molecules the indirect ionization rate via Penning-ionization appeared to be too low to sustain a diffuse BD. Thus some of us considered the role of surface processes, in particular the electron desorption from the dielectric surface, in numerical modelling [6] .
Assuming the electron desorption to be a dominant source of primary electrons gives a good agreement with the experimental results for the diffuse BD in pure nitrogen but cannot explain the transition to the filamentary mode by the admixture of oxygen. In this contribution the kinetic scheme is extended to include the species O 2 , O 3 , O, N and NO. Previously Khamphan et al [8] considered secondary electron emission by nitrogen metastables N 2 (A 3 u ) from the charged dielectric as a process for seed electron generation. It is a promising effect since it explains the transition to the filamentary mode. Thus the influence of this effect will be considered too. The simulations will further take into account the discharge cell geometry.
To evaluate the numerical models a comparison with experimental results is needed. In a previous work done by some of us, the spatio-temporally resolved intensity distribution of selected spectral lines has been measured in a semispherical electrode geometry, originally used to investigate micro-discharges in filamentary BDs [10, 13] . A qualitative agreement between measured intensity distributions and calculated density profiles of the radiating states was found within numerical models, but an influence of the discharge cell geometry on the experimental results could be argued, too [10, 14] . Thus a plane parallel discharge cell was used in the experiments described in this publication in order to compare the experimental results with the numerical model. Furthermore the time resolution was increased and more systematic experiments were performed to investigate the transition to the micro-discharges in a more detailed manner than in previous studies.
The plan of this paper is as follows. The experimental set-up and the main features of the model are described briefly in sections 2 and 3, respectively. Particular attention is paid to the reaction scheme and the surface processes of the model. The presentation of the experimental and numerical modelling results will start with a discussion of the emission spectra performance, dependent on small external admixtures of oxygen in the range 0-1200 ppm and of the excitation mechanism (section 4.1). In section 4.2 the role of the electrode geometry is discussed. The influence of small oxygen admixtures on the discharge behaviour and dynamics is investigated in section 4.3.
Experimental set-up
The discharge cell (see figure 1 ) consisted of two plane squared electrodes (2 × 2 cm 2 ) made of stainless steel. Glass plates (Duran, ε = 4.6) of thickness l 1 = 2.05 mm and l 2 = 2.3 mm, respectively, were used as dielectrics covering both electrodes. The gap distance L was adjusted to 1.1 mm by space holders made of glass. The discharge cell was placed in a vacuum chamber. The chamber was pumped down to 0.1 mbar before each experiment. The flowing gas, consisting of nitrogen (purity N5.0) with small admixtures of oxygen ([O 2 ] = 0-1200 ppm), composed by using mass flow controllers (MKS, 1259 CC), was filled into the vacuum chamber until a higher pressure than in the surrounding atmosphere was reached. Then the gas outlet of the chamber was opened via a valve and the discharge was sustained in the flowing regime. The flowing gas was directly injected into the discharge volume via a sealing ring with a nozzle at the entrance of the vacuum chamber, followed by a gas pipe, a hole in the top glass plate and a recess in one of the space holders. The total gas flow was kept constant at 1000 sccm, resulting in a velocity of about 40 cm s −1 in the discharge volume in order to avoid the accumulation of discharge products like O 3 or NO x , which can affect the discharge behaviour.
The applied sinusoidal voltage (frequency f = 6.95 kHz, amplitudesÛ = 19.4-21 kV pp ) and the total discharge current were recorded by an oscilloscope (Tektronix, TDS 380). The optical emission spectrum was investigated using a scanning monochromator (Jobin Yvon, TRIAX 320) and a photomultiplier (Hamamatsu, R928). The spatio-temporally resolved development of selected spectral lines was performed by the modified experimental set-up already used for the investigation of filamentary BDs [15] , as described in [13] . By means of a quartz lens, the discharge zone was imaged onto an optical slit. By appropriate adjustment and movement Figure 1 . Scheme of the discharge cell and the vacuum cell.
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of this slit, the discharge area could be scanned in the horizontal direction (resolution not worse than 0.1 mm). The spatially resolved photons were resolved spectrally by the monochromator and detected by a photomultiplier operating in the single photon counting regime (Hamamatsu, H5773-04).
To get the temporal resolution the photon-pulses were further utilized by a time-correlated single-photon counting (TC-SPC) procedure. The TC-SPC device (Becker & Hickl, SPC-530) was triggered by a pattern generator (Becker & Hickl, PPG-100) controlled by the applied voltage. The combined action of the TC-SPC and the pattern generator realizes an optical oscilloscope with a time resolution of t = 1.1-0.5 µs.
Model

Kinetic scheme and global model of excitation
The total number of reactions between various particles in N 2 -O 2 discharges exceeds 250 [16] . But the BD has two features, which makes it possible to simplify the common model of the excitation kinetics with respect to the experimentally investigated spatially and temporally averaged intensities of N 2 (C 3 u ), NO(A 2 + ) and O( 1 S). First, the ionization degree is rather small, since the experimentally observed discharge mode is a Townsend-like discharge. Second, the admixture of oxygen does not exceed 0.1 vol% of the total gas volume. The consequence of the former feature of the BD is that stepwise processes of excitation are less effective than the direct excitation. A small amount of oxygen allows us to exclude the reactions nonlinear in O 2 density.
The set of species must include both stable and metastable particles taking part in the excitation processes as well as radiating molecules and atoms whose radiation was measured. The most important effect of oxygen is the quenching of metastable states of nitrogen with the corresponding decrease of the electron emission current caused by collisions of these states with the cathode surface [8] . The experiments will show that, as the amount of O 2 is less than 400 ppm, the change of the active discharge current does not exceed 30%. The assumption on the constant electron density and electric field allow one to include them in the model as an external parameter. Excitation rates by electron impact will also be independent of the density of oxygen. The self-consistent modelling of the diffuse BD in pure nitrogen under experimental conditions by the method of [6] gave the space-and time-averaged electron density of the order of 10 7 cm −3 and the electric field equal to 40 kV cm −1 . The excitation rates were calculated by the integration of the electron distribution function obtained in this field with the corresponding cross-sections.
The set of reactions between active particles is shown in tables 1 and 2 together with the corresponding rate coefficients given for the gas temperature of 300 K . For the gas mixtures being considered (oxygen admixtures below 0.1 vol%) the influence of negative ions (O − 2 , O − ) on the discharge mode transition is assumed to be of minor importance since their estimated density is some orders of magnitude lower than the density of the electrons.
In addition to the volume reactions, the diffusion of N and O atoms to the surface was included in the model. To fit the experimental results properly, the diffusion frequency
2 of as high as 500 s −1 was used (whereas the diffusion frequency for a fundamental mode ν is approximately 200 s −1 ).
Spatially and temporally resolved modelling of the BD
The one-dimensional model of the homogeneous BD is based on the continuity equations for electrons and positive ions, balance equations for excited states and Poisson equation. The basic equations, boundary conditions and the solution method are similar to those in [6] . The continuity equations for electrons and ions have the form This work R2 N 2 + e → N + N + e 2.5 × 10
−10
This work R3 N 2 + e → N 2 (C This work Table 2 . Reactions between neutral particles. are the mobility of electrons and ions of kth kind, D e is the diffusion coefficient for electrons, ν ion is the direct ionization frequency, I chem is the rate of chemoionization due to collisions of metastable particles, α k is the recombination rate for ions of kth kind, ν (k) ion is the frequency of production of ions of kth kind by electron impact, I
(k) is the source term for ions of kth kind due to the chemoionization or conversion, C (k) is the destruction frequency for ions due to conversion.
The boundary condition for (2) is zero ion density at the cathode. The boundary conditions for the electron continuity equation (1) consists of equality of the drift-diffusion flow near the surface and the thermal flow. These boundary conditions are similar for both electrodes with account taken for the direction of the current. Let us write the condition at x = 0,
where j γ is the electron emission current and v e = √ 2T e /(π m) is the thermal velocity of the electrons near the surface.
In the present model, the emission current j γ consists of the emission of secondary electrons by metastable states N 2 (A 3 + u ) [8] and the photoemission by resonance radiation of high-excited nitrogen molecules (states b [19] . In a two-dimensional model, the expression for the emission current has the form is the radiation frequency of excited states, N (r) is their density.
In the absence of absorption of the radiation, the kernel of the integral operator K(x , r , r) has the following form [9] :
where
is the thermal velocity of ions near the surface and α rw is the coefficient of wall recombination.
The densities of excited particles N (k) are determined on the basis of the system of balance equations in the form
where D (k) is the diffusion coefficient for the species of kth kind, ν (k) exc is the direct excitation frequency, S (k) denotes the production due to the collisions between heavy particles and Q (k) is the destruction frequency. Zero boundary conditions are used for these equations.
The electric field is determined by the Poisson equation,
The expression for the external current is [6] 
where ions [16] , N
with rate coefficient k = 2.5 × 10 −10 cm 3 s −1 . The mobility of N + 4 is 1.6 cm 2 (V s −1 ) and the mobility of oxygen ions is 3.2 cm 2 (V s −1 ) [20] . The set of equations described above is applied to a BD under the same conditions as in the experiment, namely gap width L = 1.1 mm; characteristics of dielectric barriers ε = 4.6, l 1 = 2.05 mm, l 2 = 2.3 mm; electrode area S = 4 cm 2 ; pressure p = 1013 mbar. The external voltage is sinusoidal, amplitudeÛ is 9.7 kV and period T is 144 µs.
Results and discussion
Overview spectra and excitation mechanism
A typical optical emission spectrum of a diffuse BD in nitrogen is shown in figure 2 . The entire spectrum has been found to consist of three molecular band systems, namely the second positive system of nitrogen (12), the NO γ -bands (13) and the (0-0)-band of the ON 2 -excimer (14) [21] . The same general structure of the spectrum was observed by the authors [3] .
Second positive system of N 2 :
To carry out systematic emission intensity measurements, the following spectral bands have been selected: The relative intensities of these lines have been measured by means of optical emissions spectroscopy (spatially and temporally integrated) as a function of the external oxygen admixture. In figure 3 the results are compared with radiation intensities calculated with the scheme presented in section 3.1.
The spatially integrated intensities are given as a function of the external oxygen admixture, all the other parameters being constant. All measured curves demonstrate a similar behaviour, namely a steep rise in intensity followed by a slow decay. Due to impurities, even when no oxygen is admixed, NO(A 2 + ) and ON 2 radiation is observed. By the intersection of the slope of the steep rise with the abscissa in the diagram an offset of about 15 ppm of [O 2 ] can be estimated. The calculated curves demonstrate the same behaviour. The observed deviations between the theory and the experiment may be due to the gas heating, because rate constants of reactions between neutral particles are temperature dependent [16] . Since the characteristic relaxation time of stable species (NO, N, O, etc) in the discharge is relatively large (tens or hundreds of milliseconds), a certain role in the particle balance may be played by the gas flow through the discharge gap.
It is interesting to examine which reactions play the most important role in the production of the radiating molecules. The state C 3 u of nitrogen is produced mostly by direct excitation (R1) and in collisions of two metastable molecules A 3 + u (R9); it is destructed due to the quenching by nitrogen and oxygen. The excited state NO(A 2 + ) is produced due to the reaction (R11) and its density is determined by the density of metastable molecules of nitrogen. The production of O( 1 S) is governed by the reaction (R13); the destruction of the metastable oxygen is caused by the quenching by NO and O 3 . The processes of direct excitation (R4)-(R6) are inefficient at low densities of oxygen.
This analysis allows one to understand the behaviour of the intensity shown in figure 3 . Since oxygen quenches the metastable molecules of N 2 , its density decreases with [O 2 ]. Therefore, the reaction (R9) becomes less efficient and the density of N 2 (C 3 u ) also decreases. The intensity of NO γ and ON 2 grows at low densities of oxygen due to the production of corresponding particles in the ground state. The consequence of the important role of metastable state N 2 (A 3 + u ) in the excitation of NO and O is the decrease in the intensity of NO γ and ON 2 as the density of O 2 grows. The steep rise of the N 2 (C 3 u )-signal is caused by a slight increase of the active discharge current, which is not considered in this analysis (see section 3.1). Figure 4 shows a typical oscillogram of the voltage and the current. The same general evolution was observed by other authors [3] . The measured total current I tot consists of two parts, the displacement current I disp and the active current I act , the latter representing the discharge activity. One pulse of the active discharge current per half-period with the same periodicity of the applied voltage is investigated. The maximum current density is about 0.1 mA cm −2 , the duration of each pulse is about 40 µs. In between two subsequent discharge cycles the current is not equal to zero, which might be caused by residual charges in the gas gap and on the dielectrics.
Electrical characteristics and the role of the electrode geometry
The whole discharge cell can be seen as a serial circuit of two capacitors (discharge gap C gap and barriers C diel ) with total capacity C. The displacement current of the total capacity is seen as the black dashed sinusoidal curve in figure 4 . When the applied voltage exceeds the burning voltage the discharge is ignited and the total current increases. The burning voltage is the voltage needed to sustain the discharge, which is smaller than the ignition voltage due to residual charge carriers on the dielectrics [22] . By substracting the displacement current from the total current the active current can be calculated. The voltage applied to the gas in the discharge gap U gap can be calculated from the total discharge current I tot and the applied voltage U appl by equations (15) and (16).
where U diel is the voltage applied to the dielectric barriers. U diel (t 0 ) is chosen to fulfil the condition T 0 U gap dt = 0 (T is the period of the applied voltage). As can be seen in figure 4 during the active discharge phase the gap voltage stays nearly constant.
The experimental and calculated total and displacement discharge currents in pure nitrogen are represented in figure 5 . The results may be interpreted in terms of a simple electrical circuit. When there is no active current in the discharge, the amplitude of the displacement current is determined by the total capacitance C composed of the serial circuit of C gap and C diel .
When the gap voltage exceeds the burning voltage, the former remains nearly constant during the whole active phase of the discharge. The gap capacitor can be therefore assumed to be short-circuited, and the total current amplitude is determined only by the capacity of the dielectric plates.
Therefore, the total current can be fitted by a sinusoidal envelope curve. This fit is performed in figure 5 by the dashed grey curve.
A disagreement between the theory and the experiment is seen. The real value of the active current may be lower than the theoretical one due to the effect of finite electrodes. The electric field near the edges may be remarkably lower than the electric field in the centre of the discharge or the plasma may not cover the entire electrodes uniformly. To estimate the effect of finite electrodes, two-dimensional modelling of the axisymmetric discharge with disc-shaped electrodes is performed. This modelling is also based on the continuity equations for electrons and ions (the details of the calculation may be found in [7] ) solved together with the Poisson equation for the potential,
The dielectric barriers are assumed to be infinite in the radial direction. The comparison of the active currents obtained in two-and one-dimensional models is performed in figure 6 . One can see that finite electrodes cause the active current to be approximately 30% lower in comparison with the onedimensional model. Thus the distortion of the electric field by real square-shaped electrodes as used in the experiment may cause the current to be even lower. Furthermore, the assumption of the short-circuited capacity C gap does not describe the discharge physics and thus the total current completely. A more profound analysis of this problem can be found in [23] .
Influence of small oxygen admixtures on the discharge dynamics
The time dependences of the active current for different external admixtures of O 2 are shown in figure 7 . Up to 90 ppm of O 2 in N 2 , an increase of amplitude and duration of the current peak is investigated. For higher oxygen content the current decreases. At about 480 ppm regular oscillations in the current pulse are observed. These oscillations mark the transition to the filamentary mode. Increasing the O 2 content results in more pronounced the instabilities. For 800 ppm of O 2 in N 2 micro-discharges are observed as shown in figure 8 . By admixing argon instead of oxygen the same kind of transition occurs [24] . This transition appears to be different as investigated in [25] , caused by changing the driving frequency. In figure 9 the experimental results are compared with calculated temporal evolutions of the current. The calculations are performed in the one-dimensional model for the following reasons. The only effect of the discharge cell geometry is the reduction of the discharge current (see section 4.2). However, the computation-time for the two-dimensional calculations increases rapidly. Thus one cannot expect a quantitative agreement, but already the qualitative analysis gives a good overview of the discharge evolution and the role of elementary processes.
As can be seen in figure 9 , the same decrease of the active current peak as in the experiment is obtained. Furthermore beginning at 480 ppm of O 2 in N 2 oscillations are formed, becoming stronger with the oxygen content. The microdischarge occurrence is observed at similar values of [O 2 ], also.
As the amount of O 2 grows, the metastable nitrogen molecules (state A 3 + u ) are destroyed more effectively and, consequently, the emission of electrons due to collisions of metastable molecules with the surface becomes less efficient. Therefore, the active phase of the discharge begins later and the amplitude of the active current decreases. The model does not give the growth of the active current at low (tens of ppm) amounts of oxygen, as observed in the experiment (see figure 7 ). At least, the Penning-ionization of O 2 molecules by high-excited nitrogen states and the conversion of N + 4 ions into O + 2 do not give such an effect.
As the amount of oxygen attains 480 ppm, the emission of electrons by N 2 (A 3 + u ) molecules becomes less efficient than the photoemission. Since there is a time lag between the production of excited states and the maintenance of the electron current from the cathode (time of spontaneous radiation is of the order of 100 ns) the oscillation of the active current appears. A similar effect was observed in [7, 26] , but there ion-electron secondary emission at the surface was carried out as the main reason for the oscillations. Here the observed frequency of oscillation is higher than that for ion-electron emission and thus explained by photoemission. The oscillations become stronger as the density of O 2 increases, since at higher densities of oxygen ( figure 8 ) the space charge distorts the electric field in the discharge gap, which causes the abrupt growth of the current. According to [7] , the glow-like mode of the BD is unstable and the real discharge must be filamentary as the amount of oxygen is higher than 800 ppm.
Figures 10 and 11 present the distribution of the relative radiation intensity for different spectral lines (parts (a) and (b)) and calculated density distributions (parts (c) and (d)) in two discharge modes. The same spectral transitions of the second positive system (12) and the NO γ system (13) have been chosen as used in the section 4.1. In figure 10 the time scale slightly exceeds one period of the applied voltage T and the time resolution of the experimental results (parts (a) and (b)) is 1.1 µs. In the first half of the period the anode is located at the top and vice versa. In figure 11 , only one half of the period with the anode at the top is shown (time resolution of this experiment is 0.5 µs). In both figures, the scale of relative intensity is grey-coded from white to grey in logarithmic steps in order to cover up to four orders of magnitude of the signal. In the same way as the intensity distributions, the calculated density profiles of the radiating specie N 2 (C and O( 1 S) owing to the difficulty of calculation of the density of quenchers N and NO. Furthermore, the effect of heating of the gas by the discharge is not taken into account.
At 300 ppm of oxygen, there are no oscillations in the current. The density as well as the radiation of the second positive system of nitrogen are almost 100% modulated, since the primary production mechanism for the C 3 u state of N 2 is the direct excitation by collisions with electrons (R3). The picture reveals the structure of a Townsend-like discharge. The electron density increases towards the anode exponentially, while the local electric field is not drastically distorted by space charges. As a consequence an exponential growth of the intensity of the second positive system is investigated. The distribution of the radiation intensity for NOγ is determined by the profile of N 2 (A 3 u ) density. Its relatively long lifetime relative to the quenching by O 2 molecules causes the slower decay of the intensity peaks. The peaks of ON 2 intensity (not shown) are even wider since the lifetime of the metastable oxygen with respect to the quenching is longer.
In the multi-peak mode at about 600 ppm of O 2 in N 2 ( figure 11 ) the radiation phases are remarkably reduced owing to the more intensive quenching of the metastable states and because of a shorter duration of the active phase of the discharge. The characteristic maxima in the contour plots of radiation intensities correspond to the peaks of current. The lifetimes of the metastable particles depend strongly on the density of oxygen, but are still higher than the lifetime of N 2 (C 
Summary and outlook
Experimental investigation and numerical modelling have been used to investigate the diffuse BD in nitrogen with small admixtures of oxygen. The electrical characteristics have been measured in combination with spectroscopic diagnostics, in particular spatio-temporally resolved optical emission spectroscopy. The numerical model presented in [6] has been modified in order to include reactions with oxygen and discharge products like O, O 3 and NO. Special attention was paid to the elementary discharge processes sustaining a diffuse BD instead of a filamentary one and to the transition to micro-discharges caused by the admixture of oxygen with nitrogen gas.
The transition to micro-discharges by admixture of oxygen already starts at low values of O 2 (about 480 ppm) and is introduced by oscillations. To explain the experimental finding the numerical model needs to include secondary electron emission by N 2 (A 3 u ) metastable states. Due to the much more effective quenching of these states by O 2 and NO than by N 2 the subsequent delivery of electrons from the previous anode is decreased when the oxygen amount in the gas is increased. For admixtures in the range 450-800 ppm there are still enough nitrogen metastables in the volume to produce primary electrons, but for higher admixtures the effective lifetime of these states becomes too low and the secondary electron current from the cathode fails. Micro-discharges are already generated at about 1000 ppm of oxygen content.
Owing to the inclusion of the secondary electron emission the electron desorption process seems to be of minor importance. This lets us assume that indeed the secondary electron emission by metastable states plays a major role concerning the memory process producing the diffuse mode of the BD in N 2 . A value of 0.1 for the secondary electron emission coefficient was chosen in the model in order to observe the transition to the multi-peak mode at about 500 ppm of O 2 in N 2 . But there is a lack of data describing the interaction of a charged dielectric surface with a plasma. Thus the coefficients for their description remain free parameters and detailed experimental investigations in this field are necessary. Nevertheless a good qualitative agreement between the model and the experimental results can be achieved. Furthermore, a direct measurement of the metastable density using laserspectroscopy is needed to clarify the role of these species.
It should be mentioned that the experimental results presented in this contribution (plane parallel electrode geometry) show the same qualitative behaviour as previous results measured in a semi-spherical electrode geometry [13] .
